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ABSTRACT . 

' - This study established the feasibility of replacing 
h4.gh' perforiian<» and relatively, expensive computer terBinals with 
less expensiye ones adequate for supporting specific tasks of 
Advancjed Instrjuctional systen (AIS> at towry AFB, Cclcrad,o, survey's 
o^ us^' requixements and available devices were' conducted' and the 
uesults used '5?ir a systeiB analysis. The results of the analysis foraiea^ 
the ba#is t<n: deteraining the detailed hardware reguireoen^s and 
subsequent hardware select^n, procurement, and installatica,'^ 
Additionally, the software modification s necessary to accoafflodate the 
new hardware were made and the, result ant total system was evaluated, 
in an operational training ^virbnment. (Author) * 
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tor any. f>i^i pt>se other t\nm\ a dcfHUtcl); relatt^l Guvernnieni 
procurcinciu operatiiMt, the Govcrnmcht thereby kic^ri no 
responsibihty nor any i>bligalion what^iever, imd the fact fhat Ihc 
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other j5erson or corporatHni. or conveying any right^i or permission to 
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. SUWARY \ H . : * 

PROBLEM ; ' * / . * 

ut<lI!!LT^?H£! ^"^^^f ^?s^r*^^t1oflaT System (AIS) at Uwry AFB 
cJiiu^aJ ^^J?^"*^ interactive appTlcatlons in 

Al23^?n*Jlw4*'^*J?I??* applications range .from Cdmpi^ter- 

^hl^n^ slraple^Input-Output operatlonss such as operatloiial data 
/JSn"***? extractions which are part of Computer-^naged 
;?n*MfJ;?2 4 k ^njtijn suggested that the rather extensive 
mJnS !nl?I?*? .terminals were not t)e1ij§ fully exploited on 

KJ^S^If r^"!- *<*^*t1on. recent years have seen a steady 
hf Sf?K;2 ^^l?!^^ «^°sts such that a Uss-expensive terminal could 
rfLIf 5 5 ^ S'* ^^^^^ appl1§at1ons.. A stud/Was therefore 

fe«1birit>y^f operating standard, Hfle«pen- 
^o?.Mn?JSl!j^ ^'**^If^ terminals and eventually . 

fI'Lii!.® comparatively expensive terminals with Inexpensive 
ones as additional needt developed, 

APPROACH 

The Weapon ^chanlcs (,WH) Course was the AIS area of Instruction 
having the most Operational terminals and was chosen as the test bed 
for Introductlpn of low cost terminals. The associated project wa^ - 
.organized In three phuses. Phase I objectives were to establish 
tedsib1l<fc^. Identify termlna.1 requirements, and^etermlne necessary 
communtcatlon needs. Phase H Included system design, sof^are/ ' 
na»KH|^re changes ^ and procurement of equipment. Phase III was for 
integrating the system, Installtng the hardware, and evaluating the 
•final prodoct, 

RESULTS 

Low-cost terminals- at appi«ox1mately $1200 each were Identified 
-ants purchased. These low^jcost terminals were installed and the 
required software changes %iade. Operation of the low-cost terminals* 
has proved their cost effectiveness for use In a computer-tfased 
system such' ^s the AIS. As the system Is expanded, the apparatus now 
exists to expand with whatever terminal, or mix of terminals, -most 
«"?ct1 ve Deeds and budget. . ♦ 

The use of a standard terminal in parallel with the nonrstandard^ 
one originally spe©1fjed for the AIS has provedito tte both iost 
effectlve^and desirable. The diverse needs of the various appTlcatlons 
In a complete CfJI/CAI systtem c#n best be satisfied by a •'Jmlx* of 
terminal types, and such a "mix'* should Be considered In any future 
expansions of the AIS.- 
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lowry AFB, while bet^»§ a v#ry effective instructtonal tool, remains a 
relatively expensive, device. Many instructional system applications 
do not require grapfiics sx special ^eyboapds. Thus, lower cost 
terminals t:ould be used^ ^It was <jetermined, therefore, that a more 
ws.t^effective device should be sought. A review of industry commu- 
nications standards and ^n evaluation of features available on 
state-of-the-art terminals was required to recoBinend j^placeiront 
equipment. \ Thl4 industry Hvfew could then be correlated with 
classroom functional reauirsments and program frequency of use* so ♦ 
that a ^t of characteristics could be Identified ai requirements for 
the target terminals. Also, the feaslStfity of using such terminals 
in parallel with the current device and possibly with a mix of.- i 
terminals was to be determined. Certain- software programs would have, 
to bexhanged and hardware modifications made. A,fter these, changes/ 
modfficatlons were complete, the equipment Could be installed in the 
classrooHj and evaluated. 
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2.0 STUDY PLAN • 

' The study plan divided the project Into three phases.. These ^ 
Included a trade study and hardware selection period, a specification • 
,and preliminary develo'pment period, and a final checkout and evaluation 
period. ^ 

^ - V ^ \ . 

The Initial time frame. Phase I, Included four IndependeQt 
surveys. ,A user-needis trade study considered programs, special keys* 
and displays required by learning center managers. A cowminlcatlons 
trade study . examined hardware suitable for connecting. to the host 
Cyber 7316 computer and the availability of modems and multiplexers. ' 
Another trade study surveyed the available low-cost alphanumeric 
terminals and considered pertinent characteristics. A software 
analysis considered the Impact on thi existing AIS operating system 
and application programs. At the end of the Initial phase, terminals, 
comnunlcatlons front-end harAfare, and modems wer§ selected for pro-* • 
curement. Also, software which would have to* be mod1f1*ed or augmented 
was Identified. 

During Phase 11 of the pJBject, pertinent characterlsMcs of-the 
selected, network processing system, modern^, and terminals We cate-"** 
gorlzed. Then, keyboa^ mappings ♦were designed, operating system 
configuration requirements were considered, and language and appli- 
cation program changes were detailed. Coding and preliminary checkout 
of application programs began during this time period, and the new 
terminals and modems were procured. ' 

The final phase of the project was the Installation and valtdatlon 
phase. As> the Initial actions In this phase, software and hardware • 
changes were completed. A subsequent checkout/of the design and 
final Installation of the terminals In the classrooms were then 
corapl«ted. Validation of the entire system by test and evaluation of 
terminals by users In the classrooms completed the final phase. ' 



.. ^•O PHASE KSURV£Y> AND TRADE STUDIES 

The four Ph«st X tratte stttdlts b«g«n siwuUaR^usly. Tti« stu<Jf«s 
wtrt iMd9 wi th, tilt gcMil of iistng standard conmuiileitlofis systems and 
protooii whimayar iipsslbia; Tha aim was to find a tai3Dffial which 
co^ld ti^Ta full dupTax .^^-way sfiaultanaous) transwissKm of data; 
the AiQtrlcifi SUiidar^ C<>d6>gror tnfo«iiatioii Interchanga (^5Cn> 96- 
character set colts4ir(n$^;t]^f iiumaric, punctuation,' and uppercase and 
lowercase alphahetic cha^cters; and a rate of 120 or more characters 
per second on a screen of .about 25 lines with 64 to 80' characters vtr 
line.^ • ^ 

The four trade studies had- the following individual objectives: ' 

U Determine user needs by considering the frequency of program 
, execution and the terminal functions used most by these pro*- 
grams* 

/' 2. Identify a low-cost alphanumeric tarroinal which possesses 
the reipi red attributes and which is reasonably priced. 

3, Identify coAmMnlcation proce§sint Squlpment which can bf ' 
connected to the AIS Cyber computer to operate four terminals, 
; and detenaine the types of moilems wbich would be most cost 
effective for transmitting data within the Lowry AfB 
environment. ' ( ■ ♦ . • 

. 4, Ascertain the required sof^are modifications. | 

3.1 USER NEEDS SimVEY ♦ 

' The f^rst of the User Heeds Survey exerctses was an examination 
of the tasks* performed by AIS instructors, learning center managers, 
and students. Once the-^sks were defined and the frequency Af per- 
formance assessed* the related programs used were noted , and those 
used the most were identified foi» even|ual conversion to the low^cost 
terminal. The progranjd which were refemced the most were monitored 
tcr determine usage of the special meaning ke^s/ The resultant keypress* 
data were then used in the selection'of a terminal and in the Igker 
Phase 11 and Phase III development of software modifications. ¥ 



Programs u^ed the most incl-udedi 

1. fOR>^ - Simulation of forms' dltematively*read fn from an )VIS . 
management terminal, * . 

2» R^SAV - Inforrnation on resources ava^^^^^^^n learning centers, 
3. - Student data profile Information. . * 



4. PSCRS - Displays of a studer>t's preass'essmint scores. 

5. CHGEO - Used 0 display proposed, changes and fheir status. ' 

6. CAI - The stud«f»t*s compyteu-alded Instruction presentation- 
program. ' , 

It was found that all of these programs could mafte use of a • 
standard typewriter- like keyboard with the add1t;^on of several special 
function keys, similar to those used on the AIS terminals. Xeys to be 
•considered vfor addition Included -next-, -aack-i -Term-, as well as 
other function keys. For display purposes. It was found that lines 
would be useful, and.that for some programs an "all-dots-on" character 
could be used for limited graphics. None of the proarains referenced 
used any detailed graphics or required a vector' or dot Hne-geRe'ratlnq 
mode. ' . • , 

_ As a result of this survey, programs used frequently were noted 
for possible mo;11f1ca|1on. A. second result of this survey was establish- 
fjient of'a need for function keys. A third result was determination that 
many of the programs noted used the same set of subroutines; In many 
cases, only a c^tnge of the connion subroutine library and Individual ' 
editor pages from a 32-V1ne format to a 24-11ne fomfat would be required, 

i.2 C0tf1UNICATIOH TRADE Stuor - * . 

. • ■ - ' - ^ ' - - ■ - • : * 

The goal of the Conrounlcatlon Tratfe Study was to (a). Identify the 
common communication characteristics usfd throughout Industry which • • 
should bemused In the low-cost terminal; 4b) Identify a front end pro- 
cessor which could be connected to- the AIS .Cyber computer for operatlpn 
of the four terminals, and (c) Identify tie rdwj re such as modems and 
rtulttplexers which i^uld be necessary to Interface the terminals In the 
classroons with the computer.' 

The current AIS c^nmUnlcatleH ^ysXero was reviewed and a set of 
target characteristics deftned so as to allow the use of standard equlti- 
ment »(htle maintaining a degree of compatibility with the AIS operatljjg 
system software. The ^r'geted characteristics Included: . ^ 

1, (Provisions for full duplex two-way communication using tt^ 
\ * pairs of telephone wires for each terminal. 

2, Character'^at-a-tlflie transialsslon such that every keypress sent 
from the' temlnal can be sj>nt to the central computer,^' 
optionally timed and/or converted to another character under 

' program control , and then returned to the terminal for display. 



3. ^ standard ASCII set of 96 characters/ and the caWlHty of . 
. sending up to eight data bits on each 'transmission^ 

4. , A data ra^e which permits transferrln^O or -more characters 

per seconil ftolft the central con^uttiC ^ . ' 

th. riL1«?!Hr ^ ^•^^ charJKBtirt«, Jt wai necessary that ' 

k2 .f!?!^ ^ i'SviL* «t >east four tennlnals,' ^ 

ll^JT'^S**^^** be relatively InexpSilve, and be available soon 
arter receipt of an order, 

. 1 ^ Coqwunlcatlons Front Enrfs. After rev-lewlng the^ various 
avaiiaMe comnunlcacions processors which could be Interfaced with \ 
control Data Corporation (CDC) machines and whlck were In the' correct 
pIv^^LrJH?,*. emerged as acceptable, "The CDC 255J Network 

Processing Unit (NPU).was selected as the best approach, priiSwirlly * 
stS?f MaJ^h*l979^ arrangement was available, and It has been, operating 



ERIC 



^« *' ? : Itodems and Multiplexers. T© support transmission of data ' 
• ?" *«»ep>»one *wes oetitreen the communications processor •audlthe 
terminals, two systems of trunk Hne^modems and multiplexers were % 
studl-ed for use with the original four terminals. Studies of the first 
system considered the attributes of trunk 41 ne modems from five different 
?*?"2^*"rers* -J»'«se are for vse'at eatfh end of a voice grade 

telephone 4tne between buildings. Of the five considered, the Tiraeplex 

this appiHcatlon. , A second system, 
con$lst1nt.of A pair of statistical mult1plexers(and short-haul, higher- 
speed modems, was also evaluated. As a result of this evaluation. It 
was determined that this multiplexer system was b^t If eight terminals, 
Z^^.'J^"^ ^ b^use0. , Next, a cost compArlson of the two systems was 
made,, and It was determined that the most cost-effective system for less 
than eight terminals was the modem pairs. Since the subject contractT 
^ stipulated installatfon of ^jnly^r terminals, Jkhe Tiraeplex 202 system . 
was procured aod 1ns*dT;led using the 2551 NPU and the selected terminals^ 

3.3. T£Rf4INAL Tl^llOE* STUDY . / . * . 

One of the primary* goals for this project was Identification pf 
one oi^^moyfe termlnals'^-whlch could be used by learning center managers 
and students to Satisfy non-graphics requirements, such as selected 
- edi torr and CAI programs , The terminal requirements were partlatTy 
Identified by first considering the current AIS terminal attributes., 

characteristics which was Considered necessary to 
erfeetiye performance of the current ^mission was also used as a factor 
in developing a list &f candidate terminals. , fhe final terminal i^or 
learning/c^ter mawafer 'and student use was l^en selected from this 
list, • • J, , • 

The most pertinent AI$, terminal* Characteristics include; 



1. A iM splay capable of pr«?s£iir1ng i2 lines of (j4 charact^r^ p«;r 
tine with up to, 126 bttllt-ln characters plus 12G user- 
designed characters* and^a jraphics capability of bl2 bv-612 
dots. - \ . . 

2. femlnal electronics capable of ertsln^ the- screen aftd 

* positioning the cursor or next Wtlnq position to anv location 
«-' on the screen', ' f ^ • / 

3. ^ kpybpard that uses the standard <'y\3ewr1 ter >|WERTY layout 
vflth a numeric pd4, special function .keys , and three shift - 
keys. • ' . - V 

4. A t*»rra1nal that requires a non-standard pro to«pl which oresents 
19 (fata bits to the terminal every 16,6 tnl 1 1 1 seconds and sends 
back 10- data btts to the host coniputer. . Special forwa^t elec- 
tronics are Fequ1r*»d^ which cannot be. used with standard RSii2 
etjulonient, , ' * - • 



After reviewing the AIS terminal characteristics , a stirdy was mad^ 
that included approx1?»»ately 30T1 conwerclally avallaWe terjninalsr Uslmi 
the results of this study ant* the c\jrrent MS program i:equ1i«ients, the 
.following tirget attributes were identified: • *'*'^r - 

1. The dlsplaV-frhould present 24 or 25'lin6s of up to ao, chara- 
cters per line.* The character set should contain at Tease the 
96 standard .uppercase .and lowercase alphabetic characters,, • 
numbers, and punctuation and should have lowercase descenders 
for easy readability. The ability to erase the screen and. to 
preset the cursor to any character pbsitloh ts 4Tso desired. 

4« » ^ " * , 

i * *^ ^ ^ 

2. The keyboard should have a standard typ'ewrltar keyboard In the 
. QWERT^ sequence, should have a limited nurnb^r of function keys 

or a way of slwulating a non-d Is playable sequence, and should 
^ not require a numeric pad. ^ , ' \ 

3J The termtnal should support full duplex character-at-a-tlme 
Y transm1ss1on,^wh11e operating at 120 characters per 'second or 
\ faster. . * . , * , 

J 4. \Th#» tenglnal price should not ejtceed ^1,500, v 

After .Identifying the* required attributes, the number of candidate ' 
teTOlnals v#as reduced from about 300 to 5 terminals.^ These five terminal 
were evalua^ted Individually through demolistratlon by manufacturing rep- 

^resentatlve^, and one was deleted from the list of cand^ates because of 
poor picture, quality* The Phase- 1 trade sludy, conduded^^wlth a 

^commendation for a -slde-by-slde comparison, of the remaining four * , 
tennfnaU*M[!|jr a final evaluation. This was accomplished as part of 
Phas# n. .\ « '2 * ' 



3,4 ^OinrWAREAjiVLYStS » 



A stftwar«^pna1ys1s wars' made lif^aranel wlttj thte otheV trade / 
'studies, to vdetmfiie the !*npact o# jsWanglns terminal format and of % 
comwunlciting vra a new network proctfkslng systemv The anatysJ In- 
dicated , the f^al towing: \ • \ ' ' . ^ ^ . 

• "1.- Screens' dIspUjfIng data fb»t programs to be changed woultf'have 
to conform to the format of the new terminal . This would 
^%nean conyertlog the 32 line by 64 Characters per line d1s|xlay 
of AlS terminal -programs, to 24 lines* with, roost probably], §4.^* 
characters per line. ' ' ' ^ '"^ 

2. Computer Asilsted/Managed Instructional Language (CAmIl) 

"Idl reset drlvfe" primitive would have to be prepared which would 
► |>erm1t sending seven- or felght-bit data' direct to the terminal 
ffor control and- screen positioning. * . 

3. The editor executive routines and accept p»!)pce<lUres Kould have 
to be modlflfKl and the editor pages which ext;|pled 24 lines 

■""^ would have be restructured. ' . 



4. The CAMIL sentenfe facility would require code changes for 
applications programs. * • ; 

5. ASCII lookup tables would have to be provided irt tlie driver 
part of the op<lrat1ng system to convert the tAMIL format 

^ ; characters to standard te*|i1i»ftl vaTues.- 

The analysis also Indicated «iat the operating iMstWB roi^t have 
tQ provide new input and output peripheral processor^rogramsr-to drive 
the CDC 2551 NPU. A package leased from CDC would operate the firmware 
^used In the CDC 25S1 hardwa're, so no modification or design of^flrmware 
would be required for the HPU Itself. . 

3.^ CONCLUSION v 

At the end of Phase I» It had been determined that a low-co^ 
terminal system, operating In parallel iirlth the. current terminal system, 
was feasible. More specifically. It was decided that a parallel systpm 
for standard terminals was more cost effective and expandable than Inter- 
facing the low-cost terminal with, the current communication system; Also, 
software studies predicted success for use of the cKosen HPU and 
communication fnodenrs. Procurement of the modems and the NPU began 
during this phase, and the candidate terminals were reduced to four. 



4.(| PHASE It wjgsi^t AND DEVELQPHE>tT . . 

ZlllZ 100^ terwf 11*1 as the low-cost ttmilnal for the 

SJS^'^^'^L*' ri^ii^^ thi'sWe-by-side dwiowstratlon and aval- 
, uation rec^Mnded at tnCi^ncTusion of Phase I, .» 

softJ!^ SJrf?r**'^w^"r^^ ^''^ • hardware and 

sof^re deUlls and design tntp the current system of the changes 
necessary to fmpTmnt the fi«* system'. t ^ •» 

*«H ^hHiJU'^i ^*'t*f^ chai^cteristtcs of the^NPU, th^ 202C modems, 
and the ADOS Regent- TOO temitnals i«ere examined to determine the 
necessary 1ntei*faces and software r^ulrenents. 

^V^I^ P^cesslntf Unit The herdware i^dule conft^ration 
?r K ^ netwonc processing system was evaluated during Phasel^I. 
me hardware consists of a network processor with 32,768 16-Mt words 
of. memofy,^a channel coupler to the COG Cyber 7316 computer, two 

D?'5trr"f f*^*^?*'*! - each of isihlch handle two terminals 

JJl^Sin; Jk!'^ electronic Interfaces .-^nd a, console terminal for con- 
n??!! sys^,?"? providing diagnostic Information. The 
JJi!^***!^*?? "^^l ^^^^^ ^ timlnals with the addition of . 
ISSSliy M^eSiJ^^^^^^^^ terminals by a^ng extra 

th^ J^ JlyP^gx^Z^ ModcBS. Optional electrical connections xif 
the modems^b^een the terminal s and the central site were considered, 
^klf -r? he placed some distance from each other, 

fSir?!*^ packaged modems were specified for operation at the terminal 
iJS!:?'**:* separate package has its own power supply, l^or the 
Sf? r!LJ« i Package with one power supi^ly and four modem cards 
was sfjecified. The central site is expandable to handle up t» U 

^^*r:*«»"s wthods of looping back data to be used for diagnostic 
Checkout of the modems were also considered. Both analog and diqital 
loopback methods are available on the Timeplex modems. : • 

♦ ADDS ReWnt 100 Terminals; Operational details of the 

termini were evatuated from a programmer ♦^^ p^^^^ ^^.^^^^ Included 
were^the switch settings,. display characteristics, control and 
attribute tables, and the keyboard. 

|. Included^in the switch' settings for terminal control were (a) 

parity modes, (b) 1200 bits -per-second, (c) 
a CR(15q) line terminator with automatic line feed, and 
(d) autff scroll off. ' ' 



Zt ytm display cim$fsts of 24 llnbs of 80 <;haracters, with a , >' 

25th .Tine bf status InfonDatfon, Tht temtnal provides the 

) sltandard 96 ASCII characters of uppercase and 1owe)rcase alpha* 

b^lc characters, numbers , and-^ctuatlon. Also Included 

are 11 box drawing symbols albng with an addltlonal 32 syinbols 

corresponding to control code^ ' \ ♦ ' . ' 

' . •• ' 

3. Tablis were desired which explained how to manage the ADDS 

, ' terminal ui^der control of the host computer* Tables, Include 
<a)^v1sual attribute control, such as nornial white on black, 
reverse >rtdeo, Iwlf Intensity, and underline, (b) line dre^^^ 
' symbol generation codes for boxes, {c) ASCII liput and output, 
and (d) control co^es for clearing the screen, ITne spacing, 
and other standard control procedures such as setting the 
cursor, 

4.2 SOFTWARI^ ^ ' ' * 

, During Phase II, the AIS software to be Wdlfled or ad^. in 
support of the low-cost terminal was designed on the basis of the 
expected operation of the new equipment. Software was planned in. the 
areas of expected keyboard mapping from the curi^nt AIS terminal to the 
ADOS Regent IW keyboard, expected parameters required for the coionunir 
cations software, CAMXL language changes needed to support the new 
features, and applications programs earmarked for modificatioh. Soft- 
ware considerations are birlefly reviewed In the. folliwlng paragraphs, 

4,2.1 ^ Keyboard Mapping. Since the ADDS terminal standard keyboard 
has fewer k«ys than the AIS terminal keyboard and has only 16 avail^bltf 
numbered function keys versus'the AIS terminal's 24, a preliminary- 
mapping was laid out for correlation betwi^n the two terminals. Special 
sy|i>ol and special meaning keys were also considered. » ^ / 

■ 4.2.2 * Comrounication System Considerations* Changes and possible 
additions to the operatinrg system driver were considered in terms of • 
functions needed, such as erasing a screen or moving the cursor to the , 
next line. Various alternate routines were examined for the best 
location to place the 12-bit CAMIL code to 7^bit ASCII code conversion 
tables and related logic. During Phase 11, the three best areas for 
providing the conversion appeared to be the ^0C 2551 coirifiunications 
processor, the DRIVER peripheral processor prograni, and the Cyber central 
processor, Alsp, modi fications that m^^ necessary for pthfr ASCII' 

f^erminals were considlred, 

4.2.3 CAHIl. , 4t was decided that the CAMIL language would need 
several n^ features to support the ADDS Cerwinals , After 
modification, CAMIL would (a) ignore ADOS terminal inputsj^when no 
mapping was provided for a key which had no meaning in the current 
sysl^, (b) make available td,the appl 1ca|| on jjrograro information about, 
the type of terminal connected, (c) provide a transparent mode*set|ing 



procedure so that the terminal could be operated In the underline or 
other modes, ^and (d) |iirov1/le a direct binary output procedure to send' 
ocUl conraands to ADOSlor other ASCII terminals to* handle t»n-supported 
func^lofis,^ * I 

^•2,4 Appllc-atlon Programs. A number of programs were selected 
•for possible converstt?fi and operation on the new terminals, with most 
of the progrrfras being da^a base editore. The editor executor subroutine 
thpuld be modified to. handle the new attributes, to accept lines changed 
from lines 28 through 32 to lines 20 through 24, and to provide double 

- spacing at a different number of lines than Is used on the f^lS terminals 
It was determined that editor pages would be iwdl fled, when' necessary, 
to ha^idle the lower number of lines on the new terminals, ¥nd array 
pages would be changed so that only data fields would be rewritten 
when a field was chan^d. Also considered was the fact that CAI formats 
would be changed, when necessary, so that data taking more than 24 
lines would be efficiently displayed* Tp make the programs mbre read-^ 

•,able. Increased use of the CAMIL sentence facility would be considered 
during all program mD41f1 cations. ' - 

4.3 e6r«:i,usiONS .^^ - \ . 

- - System design wair completed jduring Phase U. The feaslbllitjlibf n 
the low-^ost terminal system was established and the equipment chosen 
and procured. Base cbmnuhl cations circuits necessary. for connecting 
the terminals were alsp^^mplemented during Phase II, Finally, the 
application programs requiring change were Identified and several of 
the mocHflcatlons accomplished. . ^ 
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•^.g . mst m > iHSTAtiATroH Km v/vudation 

During Pb«s» 211, the operating sysrtem was moifffled to handle the 
nmi C0G'25S1 herilware, the CAMll primitives and temlnal control and ^ 
Identification comwn^^ were completed, and selected applicatton'pro- 
graws were modified for the new ADOS t^rnrtnals. Refinement and final , 
testing of the various system, language, and application programs for . 
Incorporation Intu «ie AI5 were also accomplished during thls^ phase,. 

Additional ly, the network processor, along with the terminals and 
the modems, were received during this period. This hardware was sub" 
jectid to Indlyidual and system tests i^rlor to final .Installation. 
Although the original specifications called for Installatlonjof the 
terminal hardware In the Weapons Hechanlc (WM) CoursfeA a decision was 
made during this phase to utilize the l>rec1s1on MeasuHng Equipment (PH^) 
Course for the test Installation. 

5.1 HARDWARE • 

The sequence of events for the hardware portion of Phase III was 
(a) djallvery and Installation of the HPU, (b), delivery of modems and 
terminals, <c) system testing of all the hardwye with the newly 
developed software, (d) final Installation of terminals In the class- 
rooms, and (e) evaluation of the entire system. 

5.1.1 Network Processi ng dni t \ ; 

*' ' C\E»st considerations associated with buying or lea'sing soft- 
ware for tiie CDC 2551 Conmunicatlon Processor led to the purchase of 
the 2550-101 6671 emulator as the most efficient way to drive ^a small 
number of standard terminals. Because* this' emulator package will dHvc 
up to 16 terminals In^a fiill duplex mode, It was . considered more than 
adequate for driving the. four' low-cost terminals. If, however, a 
futurcKdeclllon i;s niade to expi^d to" a large ndmber of standard terminals 
or to totally cbr^ert to a standard communication s^tem, a different 
approach srtouTd w considered. For examole, the current character rate 
Is approximately 10,000 characters/secontf, and given the standard AIS. 
character rate of 120 characters/second, a limitation oKl26 terminals 
would result. if ' ' \ 

5.1.2 Network . ^ 

The network used with the low-cost terminal system Is > 
characterized by Inherent standardization. The system operates a$ 
1200 bits per second i»1ng an ASCU .character structure (bit sequence) 
In. a ftfll -duplex, asynchronous mode. The interface of the digital v ' 
port of the modem conforms to Electronic Industries Association Standard 
RS-232-C, Interface Between Data Tenilnal Equipment and Data Comntunlca^i 
E^lpmnt Employing Serial Binary Data Interchange, August 1%9. 



" The data clrcults^to support the Tow-<ipst terminals for the Pf€ 
Course consist of dedicated voice grade It pes between the AFHRL and the 
PME Course building at Lowry AFB. The diPtH comnunl cation foA each 
terminal Includes a rack mounted timeplex 202 modem card at the central 
site, the dedicated te>ephone wire data circuity and a desktop Timeplex 
202 modem at the terml^^al. ;^ ' • 

• * ' , ' " * ' „ .» ' ' ' 

During the Interim period between equipment testlrfg and final 
InstallatJon, one of the low-cost terminals was located In the Ldwry - 
AFB «eacjquarters building with a data circuit established between tt 
and the AFHRi*bu11d1ng, a line length of over 4000 feet/ Experiments 
were conducted to transfer data between the terminal and the networlc 
processing unit without modems which required some configuration 
modifications, e.g., special cable strapping. An this conflgura^tlon, 
the terminals operated at 12O0 bits per second (bps) with no reported 
errors In transmission. When the operating speed was Increased to 2400 
bps, however, occasional pari ty^ errors occurred. Above 2400 bps, 
conmunlcatlon oVer long distances was not possible without modems. 
Within 50 feetfOf the NPU, however, terminals were operated at 9S00 bps 
with no noticeable errors. It was, therefore, concluded that because of 
required classroom rellalflllty, the PME terminals should not be operated 
without modems at- speeds aftove 1200 bps. A further result of the test 
was the decision that becffuse of the short distances involved, data 
circuit requiremehts withl-n thp |\FHRL building could cpnslst of four- 
wire dedicated, lines for each terminal with no modems required, V 

'5.1.3 Terminal Evaluation , . ♦ 

The low-cost terminals were installed In the PME Course 
building for da1>y operational use by Instructors and learning center 
managers who*wer# asked to evaluate the utility of the terminals In a 
tralnifig environment." Features of the terminals most admired were 
appearance* operation, SUe, and Keyboard layout. The. only negative 
feature was the somewhat distracting characteristic of the terminal's 
flashing cursor. Other details of the evaluation are given below. . 

'5.1.3.1 Problems. When the terminals were first Installed 
In the leaming ciBnters, some problems were not'lced when logging on the 
system. The problem was associated with attempting to change from upper- 
case to lowercase while the log-on program was operating and a user 
was typing in his/her Identification and password. The problem has 
since been resolved. 

,An onrgoing dperatlonal problem is reKted to attempts by users to 
access unmodified plasma terminal programs. ^^ese programs, such as the' 
hieraiichy editor, have not been modified for the format of 24 lines and 
the "text only" availability of . the new terminals. These programs, and 
others yet to be Identified, may need to be modified if user require- 
ments warrant-. 



I * 

The only tefoHiMil (^rdnrare malfunctions that occurred dirlng^ the 
entire contract period w«re.tMo terminal power-supply fallurS. This 
could be a pattern failure and will be carefully monitored. 



5.1.3.2 Conclusion. The ^results of PWe ill 



validated 



thf ^rmtnal display format, k^oard layout, and communications chara* 
cterlsttcs requirements established during Phase I. Additionally, 
user acceptance of the ADOS Regent 10© terminals with the related soft- 
ware and hardware system was very favoi^ble. i 

The project goals of Identifying required characteristics of 
terminals and of demonstrating their validity were achieved. An added 
benefit was the Mgh degree of preference and acceptance of the system 
by the classroom users as exemollfled by H request for more of the 
terminals. The purchase of eqiHpment meeting tte required character- 
istics at the same or expected lower prices would provide a cost- 
effective approach to AIS expansion for nongraphic application. Mew" 
terminals with modems and related coimiuni cations hardware can be added 
to the AIS for approximately one- fourth the cost of the similar number 
of AIS plasma display graphics terminals. 

5.2 SOFTWARE • , ^ 

Software was developed and tested during Phase III using the 
design, guides prepared during Phase II. In addition, operating system 
changes were made to support the new commini cation system - to handle a 
revised log-on program - and to the interpreter. "The CAMIL language was 
also modified to recognize new commands and keypresses and to Identify 
, the type of terminal connected to the application' pN>gram. And, 
applications software editors and data base programs were changed to- 
operate with^ the format and function key Inputs of the new terminals. 



5.2.1 System Software Modi f 1 cations 



As diftscrlbed below, the AIS time-shared operating system 
was modified in the following three areas: 



1. A new peripheral pcocessing unlt^(PPU) program was written to 
handle the COC 2551 «1 network processing system for 
comnunl cations. 

2 . The 1 og-on . program was modif 1 ed to jMrovlde for »the revi sed 
terminal format. . w 

3. The interpreter was changed to provide for the new terminal 
features. 

Communications. A new PPU program, ATO, was ^frititnf to support 
the channel level input/output 'Requirements of the C0C^5]I-1 NPO, The 
new program receives and transmits all data between the AIS system and 
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the new temrtnals. This program also provides the CAMIl and ASCII code 
conversions. ATO can handle data transmission at rates pf up to 9600 bp$. 
to each terminal. ' ' *~ 

^ ' This peripheral processor program evolved through several exten- *^ 
sively changed versions during Jkhe^development -and checkout phase. It - 
was obvious from the outset that aia conrounl cations between the CAMIl 
system and the 2551 MPU would have to be handled on the PPU level since 
this is the only way to achieve the channel level Input/output required 
by the NPUj The COC" furnished ASCII terminal drivers Were foikd to have 
an excessive amount gf overhead because they were generalized for 
communication, with a Urge variety of terminals utilizing different 
protocols. Relatively early, it also became obvious that all ^ 
communications, both Input as well as output, would best be haiidled from 
a single PPU program since the status of fheceding putput attempts is 
received with the input frames. In order to minimize the added Cl*U over- 
head associated with the new terminals, the decision was made to move as 
much of the CPU overhead as possible— such as CAMIL 4:o ASCII code con- 
versions—into the new PPU program. This program easily handles the four 
terminals currently operating, and It is expected that up to 64 terminals 
can be managed with ATD. ' 

loq-*on Processor , The log-on processor wass modi Qed to utilize 
the primitive graphics capabilities of the ADDS terminals to provide 
an AIS logo on the fir;st page. The log-on processor was further 
modified to operate with only a 24-T1ne display. 

' Intergreter , Other operating system changes Involved soriie minor 
modifications to the Interpreter to allow the passing of certafn 
functions to terminals not Identified as being either AIS interactive/ 
management or ADDS terminals. Also a'dded was a "binary output" primi- 
tive. This "binary output" feature was developed to enable the 
passing ef octal data fforo CAMIL programs to ASCII terminals for the 
purpose of experimenting with new functions and for features not common 
to ADOS terminals. This was necessary, since the communications system 
was written to assume that all normal output being sent to the ASCII 
terminals was CAMIL text and had to^be translated to the AS^IT codes. 

5.2,2 CAMIL Language ttodlfi cations 

The CAMIL features designed during Phase II were coded and 
tested during Phase III, CAMIL was modified to provide for the 
fallowing: 

1, Ignoring terminal Input when no mapping Is provided for a 
key which has no meaning. 

2, Including the type of station connected to the program. 
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3. Ajcluding exfra comnands to the ADqj termtnals so that under- 
" ltf»s. Inverse video, and other screen atti'^lbiite^ can Jbe pro- . 

vided. ' , 0^ ' v 

'*'4." ProvldtngTan 'interpreteV primitive which permits a program to 
^end direct octal conmands to #en ASCII terminal for direct • 
control . 

The new CA>1IL commands were sucpessfully use^ 1p the modified.*^ 
applications programs which first Identify the type of terminals being 
41 used and then format the data for either the 32-1 Ine AIS plasma panel 

/ or the 24- line AD1?S Regent 100 terminal. Lines an^ underlines are also 

managed differently between the* two .terminals, with a special under- 
line mode being available on the "ADDS. - ^ 

5.2.3 Acfel legion. Program ftodlflcatlons ' 



\ Applications software- changes Included the modification of 
selected existing programs and subroutines so that the low^ost 
terminals could be used with existing software developed for the plasma 
terminals. Library routines referenced by the programs were modified 
and new ones added to accommodate the attributes for each type of 
terminal. Individual program segments were changed when reformatting 
was required for ttte smaller screens* Library subroutines and*ex1st1ng 
programs were also 'revised, whenever possible, to provide more efficient 
operation. The paragraphs below explain the modified subroutine, library 
and provide details regarding modifications of the editors and- other 
applications programs utilized by Instructors and learning center managers, 

- Librjiry of Standard Routines. Various modules of the /Library of 
Standard Routines were modified to define new control variabjies and 
implement screen positioning control options which are applied according 
to the type of terminal in use. Dictionary and global moduli es were 
changed to declare new Integer, logical, and array vaHables and to 
define new procedures In support of the procedure modules (coded 
routines) of the library. Procedures were changed to accommodate screen- 
specific attributes with regard to column and line screen positioning, 
clearing of accept and prompt line areas, setting bound? .for jwri ting of 
the next line, initializing program segment control variables, and 
handling the logic which controls the general data pages of the editor^. 
New procedures were also added to the library which provide initial 
values for screen display variables, write headings ."control formatting 
of screen dis&lays, and increase the speed with which data field values- 
are changed in the editors, ' 

Individual Editor Progrjams» Changes to Individual editor programs, 
ranged from minor adjustments tat>P^1cable to positioning the accept and 
prompt lines on-^the two different screen sizes )v to extensive changes in 
coding which affected the positioning and methods of displaying data 
fields* Hany of the coding changes resulted In streamlined program 
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statements and structures which are mor^ easily reviewed -whin trouble- 
shooting or making other modifications* The two -categories of changes 
p particular editor programs are the updating of baslcdisplay logic 
and the restructuring of specific data pages, lists, and arrays. 

•.In general, the segments of' an editor program are designed to 
display either lists of data (vertically d1splaK<i} or data In array 
formats (tables). These segments were modified, where applicable, to 
4)rov1de a more efficient screen display of changed data fields. Only 
changed data fields are now modified on the screen, .whereas previously, 
other portlons -of the screen and fl^ld description were rewritten. 

The task c(f restructuring and reformatting data field displays 
was applied to two types of pages: Data Lists and Data Arrays. Both ' 
types are controlled by. segment modules In the *1nd1v1 dual editor programs. 

J^J coding to establish appropriate line spacing In the segments 
which display normal lists of Information was changed to accommodate 
either the plasma panel or ADDS type terminals and their respective 
vertical screen dimensions. ; 

Severai segment contrfTf prompting messages were also modified to 
remove the underscoring frbm separate characters used for highlighting. 
Parentheses were substi tuted for' the underscore because the low-cost 
terminal ^keyboard Is without the special character which allows easy 
and brief coding of the letter-specific underscore. 



Data Array Segment • Modi flea tlons Changes to the coding In data 
^rr^y segments Incorporated several" new Internal variables to provide 
consistent formatting of array displays In all editor programs and to 
afford easy access to the coding should changes occur to the array 
dimensions or terminal sqreen sizes. 

5.3 CONCLUSIONS 

Jhe feas1b11l):y of using low-cwg^erralnals In the AIS was well 
established. The goals of Identifying required characterlistlcs of - 
terminals and , demonstrating their validity wre alsb achieved. Us'ers 
reputed high acceptance of the ADDS Regent 100* terminals and the related 
sof^are and hardware system. Additionally* the results of this . 
experiment definitely reflect the feasibility and desirability of a 
"mix" of terminal types In an Instructional system of this type. A 
mixed configuration allow matching terminal types to. specific require- 
ments In a more cost-effective manner. In the event the system Is to 
tee expanded, terminals of this type coulcl be added for approximately 
^pne- fourth the cost of the existing plasma terminals.. 



Reliability of operation can only be proven after several thousand 
hours of optratlon. However, operation of the har<lware to date in- 
dicates good" stability. Only two failures occurred with the new terratjwTs 
and no failures weretexperlenced^n the network procesfor or the modems. 
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